. Crossbreeding can therefore be used as a strategy to improve growth performance of indigenous Tswana chickens raised under an intensive management system.
normal and dwarf strains of Tswana chickens and found that of the three strains, the naked neck had the greatest growth potential probably because of their productive adaptability advantage emanating from their superior thermoregulatory functions (Horst and Mathur, 1990 ). The naked neck gene reduces total body feathering by up to 20-40% (Singh et al., 2001; Fathi et al.,2008) and is involved in heat tolerance (Isidahomen et al., 2012) . Future crossbreeding programs involving Tswana chickens should therefore include the naked neck strain by virtue of its superior growth potential and heat tolerance in the face of global warming and climate change. Incorporating the naked neck gene in breeding programs is an important aspect of breeding for anticipated global warming and climate change (Developing climatesmart breeds to mitigate the anticipated effects of climate change). Indigenous Tswana chickens exhibit low productivity in terms of meat and egg production while exotic chicken breeds produce higher number of eggs and more meat than indigenous chickens but are not adapted to stressful environmental conditions such as high temperatures, diseases and poor nutrition (Kgwatalala and Segokgo, 2013) . Contrasting and complementary phenotypes of exotic and indigenous chickens can therefore be exploited through crossbreeding to produce a hybrid with improved growth potential than Tswana chickens and better adaptability to environmental stressors than exotic chickens. The two most popular exotic chicken breeds in Botswana are the buff Orpington and black Australorp. Crossbreeding between Tswana and the Black Australorp is practiced by some farmers in Botswana but the production performance of the resultant cross remains unknown. The objective of this study was therefore to produce Black Australorp x indigenous naked neck Tswana crossbred chickens and to evaluate their growth performance under an intensive management system in Botswana.
Materials and Methods

Study Area
The study was conducted at Botswana University of Agriculture and Natural Resources, Content Farm, 
Housing and Management
Upon hatching, chicks were housed according to strain (Purebred naked neck Tswana or crossbred Black Australorp x naked neck Tswana chicken) in separate brooding units and were fed chick starter crumbs (see nutritional composition in Table 1 ) ad libitum from day old to 3 weeks of age. At 3 weeks of age, the chicks were individually identified using leg bands and a total of 22 Black Australorp x Tswana crossbred chickens and 22 purebred naked neck Tswana chickens were housed together in a deep litter house for a total of 3 deep litter houses resulting in 3 replications. Chicks were fed commercial broiler grower pellets (see nutritional composition in Table 1 ) ad libitum from 3 weeks of age to 20 weeks of age. Water was provided ad libitum during the brooding and growth phases. During the growth phase, chickens were vaccinated orally against Newcastle disease and Gumboro disease at two and eight weeks of age, respectively. Chickens were raised under natural light (~12 h light and 12 h dark periods) throughout study period. 
Measurement of Growth Parameter
Growth performance of purebred naked neck Tswana chickens and crossbred Black Australorp x naked neck Tswana chickens was measured as changes in body weight of individual chickens from 4-20 weeks of age. Body weights of individual chickens were taken fortnightly from 4-20 weeks of age using an electronic balance.
Statistical Analysis
Growth data were analyzed by General Linear Model's procedures of Statistical Analysis System (SAS, 2009) version 9.2.1 and the model included the fixed effects of breed (purebred naked neck Tswana and
Black Australorp x naked neck Tswana crossbred chickens) and sex (male and female) and the interaction between breed and sex. Results are presented as least square means ± standard error and means were separated using pairwise t-tests with Scheffe's adjustment to account for the differences in the number of sampling units of a particular sex per replication. The differences between means were declared significantly different at p<0.05.
Results and Discussion
There were no significant sex differences in the weights of crossbred Black Australorp x naked neck Tswana chickens at 4 weeks of age (Table 2) . Crossbred males were however, significantly heavier (p<0.05) than their age-matched female counterparts from 6-20 weeks of age. In purebred naked neck Tswana chickens, there were no significant sex differences in body weights from 4-8 weeks of age. Males of purebred naked neck Tswana chickens were however, significantly heavier than their age-matched female counterparts from 10-20 weeks of age. The early attainment of sexual dimorphism in body weight in crossbred chickens than in pure-bred naked neck Tswana chickens is consistent with Kgwatalala and Segokgo (2013) who reported significant sex differences in body weight in crossbred chickens (50% Australorp x 50% Tswana) and pure-bred normal-feathered Tswana chickens from 10-18 and 14-18 weeks of age, respectively. Significantly higher body weight in purebred naked neck Tswana males than females at 20 weeks of age is consistent with Kgwatalala et al. does not adversely affect feed intake at higher ambient temperatures resulting in enhanced growth in crosses involving naked neck Tswana chicken compared to crosses involving normal-feathered Tswana chickens. Significantly higher body weights in both crossbred and purebred males than females during the post-brooding phase might be attributed to the differences in their hormonal profiles, aggressiveness and dominance of males over females when feeding especially when males and females are housed together (Kgwatalala et al., 2015) .
Purebred naked neck males and females were significantly heavier than their crossbred counterparts at 4 and 6 weeks of age (Table 3 Purebred naked neck females were significantly heavier than crossbred Black Australorp x naked neck Tswana chicken females at 4 and 6 weeks of age (Table 3 ). There were no significant differences in body weights between purebred naked neck Tswana females and their crossbred counterparts from 8 to 12 weeks of age. Crossbred females were however significantly heavier (p<0.05) than their age-matched purebred naked neck counterparts from 14 to 20 weeks of age. Significantly higher body weights in purebred naked neck Tswana females relative to their cross bred counterparts at 4 and 6 weeks of age are contrary to Kgwatalala and Segokgo (2013) who reported similar body weights between purebred normalfeathered Tswana females and Blue Australorp x normal-feathered Tswana females from 4 to 12 weeks of age. This clearly indicates more enhanced growth rate in purebred naked neck Tswana females than their crossbred counterparts at earlier ages. Crossbred females exhibit slower growth rates at earlier ages (6 weeks of age and less) than their purebred naked neck Tswana counterparts but eventually exhibits faster growth rates with advancing age. Significantly higher body weight in crossbred than purebred females from 14 to 16 weeks of age is consistent with Kgwatalala and Segokgo (2013) Adedokun and Sonaiya (2002) also reported significantly higher body weights in the Dahlem Red x Significantly higher body weights in both crossbred males and females than their indigenous counterparts at the end of the study (20 weeks of age) are probably mainly due to breed complementarity (favorable breeding value for growth) according to Kgwatalala et al. (2015) and to some extent favorable gene combination value or heterosis. Crossbred males were significantly heavier than their indigenous counterparts from 12 weeks of age while for females it took crossbred females 14 weeks to be significantly heavier than their indigenous counterparts. Crossbred males thus had early enhanced growth compared to their female counterparts probably because of effective male growth hormones compared with female hormones (Kgwatalala and Segokgo, 2013) .
Conclusion
Crossbred chickens (males and females) exhibited faster growth rate than purebred naked neck Tswana chickens under intensive management system. Crossbreeding can therefore be used to improve growth performance of indigenous Tswana chicken under an intensive management system.
